The impact of climate change on conflict is an important but controversial topic. One issue that needs to be resolved is whether or not climate change exacerbates conflict over the long term. With this in mind, we investigated the relationship between climate change and conflict among Classic Maya polities over a period of several hundred years (363e888 CE). We compiled a list of conflicts recorded on dated monuments, and then located published temperature and rainfall records for the region. Subsequently, we used a recently developed time-series method to investigate the impact of the climatic variables on the frequency of conflict while controlling for trends in monument number. We found that there was a substantial increase in conflict in the approximately 500 years covered by the dataset. This increase could not be explained by change in the amount of rainfall. In contrast, the increase was strongly associated with an increase in summer temperature. These finding have implications not only for Classic Maya history but also for the debate about the likely effects of contemporary climate change.
Introduction
Concern is growing among policy-makers that the current episode of climate change will increase conflict within and among human societies. For example, the European Commission recently advised that climate change will intensify social and political tensions, leading to more conflict (European Commission, 2013) . Similar warnings have been issued by the Intergovernmental Panel on Climate Change and the US Department of Defense in the last few years. The IPCC has cautioned that climate change will exacerbate conflict at a range of scales from inter-personal violence to civil war (Adger et al., 2014) , while the DoD has classified climate change as a threat multiplier, suggesting it could lead to political instability and increased terrorism (US Department of Defense, 2014) . However, a close examination of the scientific literature reveals that there is still uncertainty about the impact of climate change on conflict. The idea that climate change increases conflict levels has been supported by several studies (Hsiang et al., 2013; , but this work has been heavily criticized (e.g., Buhaug et al., 2014; Hsiang and Meng, 2014; Meierding, 2013; Salehyan, 2008 Salehyan, , 2014 Scheffran et al., 2012; Theisen et al., 2011 Theisen et al., , 2013 . Consequently, at the moment it is not in fact clear that present and future global warming can be expected to lead to more conflict.
One important issue that requires clarification is the nature of relationship between climate change and conflict over the long term. A number of studies have compared historical conflict and climate records (Bai and Kung, 2010; Jia, 2014; Tol and Wagner, 2010; Zhang et al., 2006 Zhang et al., , 2007b Zhang et al., , 2007a Zhang et al., , 2011 Zhang et al., , 2010 , but these studies suffer from important methodological shortcomings. Few of them use formal modeling techniques, and those that do employ such techniques utilize ones that are not well suited to analyzing the standard, count-based conflict datasets. This casts doubt on the reliability of the studies' results. In addition to these problems, work to date has focused on data from China and Europe.
Consequently, convincing evidence for a worldwide relationship between climate change and conflict over the long term is currently lacking.
With this in mind, we carried out a quantitative analysis of the influence of climate change on conflict among the Classic Maya over a period of several hundred years. The Maya people occupy a region close to the middle of the isthmian portion of the North American continent (Fig. 1) . The Classic period of Maya history began around 250 CE and ended between 900 and 1100 CE (Sharer and Traxler, 2006) . It is during the Classic period that the Maya constructed most of the extensive cities and massive pyramids that have made them famous. They also developed one of the few writing systems in the Americas (Houston et al., 2001 ) and began a tradition of recording historical events on stone monuments. The inscriptions that have been translated provide often remarkably detailed accounts of their myths and political events, including conflicts between city-states (Martin and Grube, 2008) .
Inter-polity conflict was an important feature of Classic Maya life (Brown and Stanton, 2003; Chase and Chase, 2003; Culbert, 1991; Hassig, 1992; Houston, 1993; Inomata and Triadan, 2009; Webster, 2000) . This is indicated by numerous mentions of conflicts between city-states in the epigraphic record, and by artwork depicting scenes of violence (e.g., Chase, 1989, 2003; Culbert, 1991; Houston, 1993; Miller, 1986) . For instance, epigraphers have identified a century-long power struggle between two of the major southern city-states, Tikal and Calakmul (Martin and Grube, 2008) . This struggle embroiled numerous Maya centres, and involved both direct confrontations and proxy conflicts between client polities (e.g., Martin, 1993) . Among the conflict events mentioned in the epigraphic record are demands for tribute, captive takings, human sacrifices, deliberate destruction of monuments and temples, and large coordinated attacks that may have been timed to coincide with astronomical events and therefore are often called "star wars" (Webster, 2000) .
Scholars have long been interested in Classic Maya conflict, and a number of potential drivers have been proposed, including status rivalry, captive taking, resource acquisition, agricultural shortfalls, and drought (Webster, 2000) . To date, however, none of these factors has been shown to correspond to changes in past conflict levels through quantitative analysis. Recently, Kennett et al. (2012) argued that increasing dryness from 600 to 900 CE drove Classic Maya conflict, based on a comparison between conflict levels and an oxygen isotope rainfall proxy from Yok Balum Cave, Belize. Their argument, however, was based only on a visual comparison between the palaeoclimatic and conflict data, which means the association they identified between increasing dryness and conflict may be more apparent than real. Currently, then, it is unclear whether climate change influenced conflict levels among the Classic Maya.
To assess whether Classic Maya conflict was driven by climate Fig. 1 . Map of study area. This map shows the Classic Maya region (shaded red-brown) and the source locations of the palaeoclimate proxy data (the rainfall proxies are blue and the temperature proxies are red-orange).
change, we compiled a time series of conflict levels from the Classic Maya historical record and then identified several published highresolution palaeoclimate proxies for temperature and rainfall. Subsequently, we used a recently developed time series regression technique called the Poisson Exponentially Weighted Moving Average (PEWMA) method (Brandt et al., 2000) to construct a set of statistical models, each of which used a different climate proxy as a covariate and included monument numbers to control for the possibility that conflict trends reflected only trends in the number of erected monuments. Lastly, we compared the models to each other and to a null model without any climate variables.
Materials and methods
The conflict time series we analyzed consists of 144 unique conflict events that are inscribed on Classic Maya monuments from more than 30 major centres (Fig. 2) . The monuments and inscriptions are described in dozens of scholarly works (see Supplementary Information [SI] ). The inscriptions are mainly from sites in the Southern Maya Lowlands, a region formed by the southern portions of the Mexican states of Campeche, Quintana Roo, the Pet en of northern Guatemala, and Belize. Many of the conflict records were taken from Kennett et al. (2012) dataset, which itself was drawn from the Maya Hieroglyphic Database Project (http://mayadatabase.faculty.ucdavis.edu/). The remaining conflict records were identified in the course of a systematic search of literature (see SI). The records describe specific historical events and are associated with Classic Maya calendar dates that are precise to the day in many cases. An illustrative example comes from an altar at Caracol, a large civic-ceremonial centre in southern Belize. It states that the ruler of Caracol "decapitates/attack holy Mutal ajaw [a lord connected to Tikal, another important centre]" in 820 CE (Kennett et al., 2012) . We turned the 144 dated conflict events into a time series of conflict levels with a 25-year resolution by counting the number of events that occurred in each 25-year period spanning approximately 350e900 CE. The size of the interval (i.e. 25 years) was chosen to be consistent with previous work on Classic Maya conflict (e.g., Kennett et al., 2012 ), but we explored the effect of the interval size in a sensitivity analysis (see SI).
Next, we created comparably-binned palaeoclimate time series from two sets of temperature records and three sets of rainfall records (See Fig. 2 and SI) . The nearest temperature records we could find with sufficient resolution are sea surface temperature (SST) reconstructions from the Cariaco Basin, including summer and winter estimates (Wurtzel et al., 2013) . The rainfall data included the Yok Balum oxygen isotope record, a titanium concentration Fig. 2 . Conflict and climate proxy data (25-year resolution). The first row is conflict counts. The second row is monument counts taken from (Kennett et al., 2012) . The next five rows are the climate records with the thick lines showing the data at 25-year resolution and the thin lines showing the raw palaeoclimate data. The last row shows the approximate boundaries of Classic Maya historical periods according to (Sharer and Traxler, 2006) . record from the Cariaco Basin, and a sediment density record from Lake Chichcancanab (Haug et al., 2001; Hodell et al., 2005; Kennett et al., 2012) . Caution must be exercised when extrapolating palaeoclimatic reconstructions over large geographic areas because local conditions may not be strongly correlated with conditions farther afield. However, climatological processes in the Cariaco basin are known to be related to the conditions in Maya region (Bhattacharya et al., 2015; Haug et al., 2001; Knudsen et al., 2011) and our own comparisons of the Cariaco basin SST reconstructions with nearby temperature time-series suggest that the former adequately reflect a regional trend in temperature change throughout the Caribbean (see SI). Including both temperature and rainfall records allowed us to simultaneously test the drought hypothesis and the hypothesis that increases in temperature drove Classic Maya conflict.
In the next step of the study, we compared the conflict record to the five palaeoclimate records using the PEWMA method, which is a Poisson regression technique (Brandt et al., 2000) . Poisson regression was appropriate because it takes into account two important characteristics of conflict time series. The first is that conflict time series always comprise counts of positive integer numbers because there is no such thing as a fractional or negative conflict. The Poisson distribution is suitable for such data because it is discrete, meaning it has only integer-valued outcomes, and it can never be negative. The second characteristic of conflict time series that favours Poisson regression is that the time between conflicts often follows an exponential distribution (e.g., Helmbold, 1998; Houweling and Siccama, 1985; Mansfield, 1988; Richardson, 1944 Richardson, , 1960 Sarkees et al., 2003; Tang et al., 2010) . This means that the average number of conflicts in a given span of time conforms to a Poisson distribution. Thus, a Poisson regression model is appropriate for estimating the mean conflict level while testing for the influence of covariates, such as climatic variation. We opted to use PEWMA over standard Poisson regression because it is designed to model autocorrelated count data. Looking at the conflict record, it was clear that the data contain autocorrelation, suggesting that there was "momentum" in Classic Maya conflict levels (see Fig. 3 and SI Fig. 1 ). We used the Akaike Information Criterion (AIC) to compare competing models, specified with different covariates (Akaike, 2011) . Models with lower AICs involve less information loss than those with higher AICs and, thus, are better approximations of the underlying process (Akaike, 2011; Burnham and Anderson, 2004; Kuha, 2004) .
In the regression analyses, we compared the rainfall and temperature models with each other and with a null model in which variation in conflict was not affected by changes in temperature or rainfall. We constructed the null model using just a constant and a time-series of monument numbers. As such, the null model allowed us to control for the possibility that the variation in conflict was only a function of previous conflict levels and/or of changes in monument usedi.e., that there was a change in the practice of inscribing monuments or the number of groups erecting monuments rather than a change in the number of conflicts. We then estimated a separate model for each climate proxy, using the proxy as the predictor variable in the model along with the time-series of monument numbers and a constant. We reasoned that if reduced rainfall drove conflict, the models with rainfall proxy predictor variables should have the lowest AICs. Alternatively, if temperature drove conflict, then the models with temperature predictor variables should have the lowest AICs. For any of the climate predictors to be accepted as a potential driver of conflict, the model containing it had to substantially outperform the null model. To negate the potentially biasing effects of arbitrarily selecting bin edge locations, we ran the analysis 25 times, shifting the bin edge locations by þ1 years each time. We also performed several additional sensitivity tests looking at how temporal bin widths affected our results and explored whether the increase in time alone could explain the increase in conflict levels (see the SI for details).
Results
The change in conflict levels between 350 and 900 CE was considerable. The number of conflicts increased from 0 to 3 every Table 1 This table contains a summary of the results of the PEWMA analyses obtained after shifting the temporal bins 25 times by þ1 year each time. The second column indicates the percentage of the 25 analyses that a given model outperformed the null model (i.e., the model with only a constant and the time-series of monument numbers). The third column indicates the median of the AIC-based likelihoods for each model computed for each of the 25 analysesdthe median was used to account for outliers in a small sample. These values indicate how many times more likely a given model is than the null modeldi.e, a given model is 'x' times more likely than the null model to explain conflict levels, where 'x' is the value in the third column. Note that every model included monument numbers, so these results are showing the improvement in the models that comes from including a given climate variable after accounting for increasing monument numbers. 25 years in the first two centuries to 24 conflicts every 25 years near the end of the period. This increase cannot be explained by change in the amount of rainfall. None of the rainfall proxies had AICs that were substantially and consistently lower than the null model (See SI and Table 1 ), which suggests that variation in rainfall had no long-term effect on Classic Maya conflict. In contrast, the temporal variation in the number of conflicts might be explained by changes in temperature. One of the temperature proxiesdthe Cariaco basin winter SSTdwas no better than the null model in any analyses. But the model involving the Cariaco basin summer SST was consistently hundreds to thousands of times more likely than the null model, depending on where the bin edges were located (SI). This finding indicates that the increase in conflict is best explained by a combination of past conflict levels, increasing numbers of monuments, and increasing summer temperatures. These results were robust to changes in data bin edge locations and width (SI). In sum, our analyses indicate that summer temperature increases led to increased levels of conflict during the Classic Period but rainfall variation had little or no effect (see Fig. 3 ).
Discussion
Two issues need to be addressed before discussing the implications of our findings. First, we need to consider the possibility that the political nature of the epigraphic record biased the results of our study. Not surprisingly, propaganda was an important tool of the Classic Maya elite (Lucero, 2003; Marcus, 1974; Rice, 2009; Sanchez, 2005) . One way they spread propaganda was by carving politically favourable inscriptions into monumental architecture. In these inscriptions, the Classic Maya elite told stories about their lineages, connections to the gods, and their conflicts with other elites in order to increase their political capital (Martin and Grube, 2008) . To improve the political effect of these narratives, they would sometimes leave events out of the record. Consequently, individual conflict events are often not corroborated at multiple locations, especially at the centres that lost a given conflict, unless recording it served the ruler's political narrative in the long run (Webster, 2000) . This means that the conflict record at any given centre is probably biased in favour of the elites at that centre. This in turn raises the possibility that the epigraphic record as a whole does not accurately reflect the variation in conflict levels.
While the political nature of the epigraphic record may be a problem when investigating some issuesde.g. the relationship between particular polities or conflict history at a solitary centredwe think it is unlikely to have negatively affected our results. This is because the use of propaganda can be expected to have been widespread among Classic Maya elites. Essentially, if every leader was recording events that favoured their own historical narrative, then these biases should counter balance each other when all conflict mentions are combined into a single record. While the leader of the losing side in a battle might have been motivated to ignore the loss, the leader of the winning side can be expected to have recorded it. Consequently, taking all recorded conflicts together should produce a relatively unbiased proxy for conflict levels. Thus, there is no reason to believe that the political nature of the conflict record is responsible for our key findingdthat temperature and conflict increase in a correlated manner through time.
The second issue we need to address is the possibility that the conflict record contains a temporal bias that favours the Late Classic. This potential bias has two possible sources. One involves our knowledge of the Classic period. As is often the case in archaeology, we have more information about younger periods than older ones. In part this is because younger deposits tend to cover older ones, making older material less visible and harder to find. This is especially true for the Classic Maya because Late Classic structures were often built over earlier ones, covering the earlier architecture. In addition, the epigraphic and architectural evidence indicates that the number of elites was increasing throughout the Classic Period, and this likely resulted in greater numbers of inscribed monuments being built during the Late Classic (Demarest et al., 2014; Fox et al., 1996; O'Manksy, 2013) . Taken together, these factors mean that we generally have more information about the Late Classic than the Early and Middle Classic. The other possible source of temporal bias involves conflict events at the beginning of the record. Some of the conflicts dated prior to about 550 CE are recorded on monuments that were erected many years after the events in question, raising some concern about the reliability of the record before that time (Webster, 2000) . It is possible that only the most prominent conflicts were remembered long enough to be recorded. This could have biased the record by making it look as if there were fewer conflicts in earlier periods than actually occurred. Together, these two potential sources of bias mean that the Late Classic may be over-represented in the epigraphic record, making it possible that the increase in conflict indicated by our dataset is an artifact.
However, there are reasons to think that our results were not in fact negatively affected by the temporal bias. To begin with, our models account for the bias by including the number of monuments as a covariate. The time-series of monument numbers can be expected to reflect the amount of archaeological information we have from the Classic period, including any over-representation of material dated to the Late Classic. If the latter were responsible for our results, then the increase in monument numbers would explain the increase in conflict entirely with no improvement from adding a temperature covariate. But this is not what we found. The models that included the temperature covariate outperformed all other models. While the increase in monument numbers and temporal autocorrelation in conflict levels explain some of the variation in conflict levels at any given time, adding the summer temperature covariate greatly improved the models according to the AICs. In fact, the models that incorporated the summer temperature covariate were on average several thousand times more likely to explain conflict levels than the null model which included only a constant and the number of monuments (see Table 1 ). Thus, we think it is unlikely that overrepresentation of Late Classic conflict events in the epigraphic record accounts for our findings.
That our key result is not an artifact of a temporal bias in the conflict record is further supported by the fact that several lines of archaeological evidence indicate conflict increased from the Middle to Late Classic. One of these lines of evidence is fortifications. The Late Classic is notable for defensive walls at several civicceremonial centres and for settlements located on highly strategic terrain, such as hilltops and elevated areas with commanding views of the surrounding landscape. Examples include Mayapan, Chunchucmil, Dos Pilas, and Punta De Chimino, and Aguateca, all of which contain well-known evidence of Late Classic fortification (Borgstede and Mathieu, 2007; Dahlin, 2000; Demarest et al., 1997; Rice and Rice, 1981; Russell, 2013; Webster, 1976 Webster, , 1978 Webster, , 2000 . At Chunchucmil, for example, a rubble wall was erected during the Late Classic that runs over top of other Classic period architecture (Dahlin, 2000) . The rubble was robbed from nearby buildings, suggesting the wall was urgently constructed in response to a novel impending threat. Weaponry is a second line of evidence that indicates that conflict increased from the Middle to Late Classic. Aoyama (2005) conducted a typological and microscopic use-wear analysis of stone spear, dart, and arrow points at Aguateca, a site near Copan in western Honduras that is famous for its evidence of Classic period conflict. He concluded that the points were often used as weapons and that the proportion of the lithic artifacts classifiable as weapons increased during the Classic period, indicating an increase in conflict levels. According to Ayoama, his lithic analysis corroborates the archaeological and epigraphic evidence from the region around Copan, which also point to increasing levels of conflict through time. The last line of evidence involves direct evidence of violence in the form of destruction and violent death (e.g., Barrett and Scherer, 2005; Demarest et al., 2016) . For example, at Cancuen located in northern Guatemala, Demarest and colleagues discovered a mass grave containing the massacred bodies of an entire royal court dated to the Late Classic (Demarest et al., 2016) . They also discovered unfinished defensive walls, scatters of spear and dart points, and evidence for rapidly abandoned buildings. Evidence of this sort is rare, but illustrates severe conflict toward the end of the Classic period, especially in the Peten and Pasion regions of northern Guatemala.
It appears, then, that the relationship we identified between conflict and temperature is not the product of biases in the conflict record. Consequently, we can now consider the implications of our findings.
The literature on climate change and conflict suggests there are two potential mechanisms by which the increase in temperature could have led to greater conflict (e.g., Anderson, 2001; Salehyan, 2014; Van Lange et al., 2016) . One is psychological. Several recent studies have found evidence that regional heat waves coincide with waves of violent crime (Anderson, 2001; Hsiang et al., 2013; e.g., Van Lange et al., 2016) . This relationship between increasing temperature and interpersonal violence has been argued to be the result of a psychological link between heat and aggression because there is no connection between crime-related economic gains and increased temperature (Anderson, 2001 ). The possibility that there is a psychological link between temperature and violence is also supported by a study that found that baseball pitchers target the bodies of batters more often when it is hot than when it is cold, and by a study that discovered that car-drivers use their horns more in hot weather than in cold weather (Kenrick and MacFarlane, 1986; Larrick et al., 2011) . Together, these studies suggest it is possible that increased average summer temperatures served to make the Classic Maya more combative and therefore more prone to engage in raiding and warfare.
The other potential mechanism is economic and involves maize, which was the staple crop for the Classic Maya. Our conflict timeseries shows the strongest interaction with the high-resolution summer Cariaco SST record spanning approximately JuneeAugust (Wurtzel et al., 2013) , which overlaps substantially with the primary agricultural season for maize in the Maya region (Sharer and Traxler, 2006; Webster, 2000) . Researchers have long been aware that heat stress can reduce maize yields by inhibiting the growth and development of kernels. This has been observed in maize from North America, Africa, and Europe (Barnab as et al., 2008; Cheikh and Jones, 1994; Crafts-Brandner and Salvucci, 2002; Hawkins et al., 2013; Jones and Thornton, 2003; Lobell et al., 2011) . While the research is ongoing, recent work involving African maize indicates that temperature has a nonlinear effect on maize productivity (Lobell et al., 2011) . Up to 30 C, maize yields improve as temperature increases. If temperature rises above 30 C, however, yields decline precipitously. Specifically, for each day spent above 30 C, maize yields drop by 1%, even under optimal moisture conditions (Lobell et al., 2011) . Under drought conditionsdcaused by decreased rainfall or increased evapotranspirationdthe effects are worse still because of the role of water in mitigating heat stress. Because the effect occurs even with careful water management, ultimately there is little a Classic Maya farmer could have done to maintain or improve yields if temperatures were too high during the growing season even for only a few days.
While both mechanisms are feasible, we think the psychological one is less likely than the economic one. Given the 25-year resolution of our analysis and the slight increase in average temperature over the 600-year study period, we suspect that the economic mechanism provides a more compelling explanation for the relationship we identified between temperature and conflict. The nonlinear effect of heat stress on maize yields suggests the following possible scenario for the Classic Maya, we think. Throughout the Classic period, average temperature fluctuated between 28 C and 29 C (SI Fig. 2) . During periods when the temperature was around 28 C or less, maize yields were reasonably stable, with the exception of occasional drought caused by reduced precipitation. Periods of food shortage were infrequent and, when they occurred, brief. Consequently, there was relatively little conflict caused by resource stress. Intermittently, however, average summer temperatures rose, which occurred the first time at around 325 CE, then at around 550 CE and again at around 750 CE (SI Fig. 2) . As the average temperature increased to 28.5e29 C the number of crop growing days with temperatures above 28.5e29 C increased, too. Initially, the increases led to larger yields for several years or even decades, which raised the carrying capacity and therefore allowed population size to increase (Culbert and Rice, 1990) . However, as temperature continued to rise, the region experienced more days at or above 30 C, which meant that crop shortfalls occurred more frequently. In addition, large-scale deforestation throughout the Classic period caused by urban expansion and agricultural intensification might have led to increased evapotranspiration, worsening the effect of increasing regional temperatures by reducing soil moisture availability (Oglesby et al., 2010; Shaw, 2003) . As a consequence of this, the recently expanded population experienced longer, more frequent periods of food shortage, leading to increased levels of conflict.
Food shortages among the Classic Maya might have led to conflict via two pathways. One of these involves starvation. While there is no direct archaeological evidence for starvation as far as we know, it is theoretically possible that maize yield shortfalls propelled Classic Maya rulers and their followers to attack nearby citystates and steal their food. Conflict over food might have been especially prominent during the Terminal Classic, a period of several decades leading up to the so-called collapse that began in the southern lowlands around 900 CE. The recently identified impact of deforestation and droughts during the Late and Terminal Classic might have combined to reduce crop yields so substantially that starvation was a real threat (Oglesby et al., 2010) . This hypothesis is consistent with recent research indicating that resource scarcity drives interpersonal conflict by making the need for resources outweigh the personal costs of violence (Allen et al., 2016) . For most of the Classic period, however, we suspect the starvation scenario is not particularly likely because potential combatants would have been suffering the same food shortages, given the regional effect of temperature change, making stealing food an unsustainable long-term strategy. Furthermore, without draft animals, transporting enough maize through the jungle on foot over potentially hundreds of kilometers to support an entire population after a conflict would be difficult for the victor, even if some transport of maize over long distances might have been possible (Drennan, 1984a (Drennan, , 1984b Sluyter, 1993) . It is also worth noting in connection with this that epigraphic and iconographic data indicate that tribute extracted from clients or demanded after conflict was often paid in the form of elite goods like cacao, jade, feathers, fine polychrome pottery, and cotton textiles, rather than large amounts of staple resources like maize (Chase et al., 2008; Foias, 2002; Inomata, 2001) . In light of these points, we think the starvation scenario is unlikely to account for the long-term trend in conflict levels.
The other pathway that might have linked food shortage to conflict involves kingly legitimacy. Like many ancient kings, Classic Maya rulers had to demonstrate their legitimacy in order to retain their power . One of the main sources of legitimacy among Classic Maya rulers was their ability to ensure prosperity for their states, especially agricultural prosperity (Iannone, 2016; Lucero, 2002) . Because maize was the primary staple crop for the Classic Maya, local maize yields likely would have been directly linked to the perceived legitimacy of the rulers.
We can see that the Maya rulers' identities during the Classic period became increasingly tied to maize because many rulers adopted special epithets that included the Maya term for maize (Tokovine, 2013) . With their legitimacy tied to maize yields, any declines in yields could have created a "crisis of legitimacy" (Iannone, 2016) , which the rulers needed to overcome by reaffirming or accruing cachet. The available evidence indicates that Classic Maya elites had several ways to accrue cachet, including building monuments, bestowing titles and land on client rulers, exacting tribute from clients, hosting ritual festivals, and successfully attacking other elites (Chase and Chase, 1998; Inomata, 2006; LeCount, 2001; Marcus, 1974; Sanchez, 2005; Webster, 1975 Webster, , 2000 . Importantly for present purposes, however, a decline in maize yields would have made some of these tactics difficult. With less maize, a ruler could not have relied as heavily on opulent festivals or fed large labour forces. Consequently, he or she would have had to place more emphasis on bestowing rewards and assailing others. While the economic mechanism provides a plausible explanation for how temperature change impacted Classic Maya conflict frequency over the long-term, internal conflict dynamics must also be considered. To reiterate, elite competition was an important source of conflict (O'Manksy, 2013; Webster, 2000) . It is clear from the monument record that Classic Maya kings and elites were in competition with one another over resources and power (Martin and Grube, 2008; Sharer and Traxler, 2006) . As such, much of the increase in conflict may have been caused by political ratcheting, whereby rulers engage in conflict as retribution for past transgressions leading to escalating conflict levels over time irrespective of resource shortfalls. Such ratcheting would be reflected in the serial dependence of the record because conflict would beget conflict. Conflict levels might also have increased with the proliferation of elites vying for power because of the polygamous marriage rules for elites and their system for status inheritance (O'Manksy, 2013) . The proliferation led to an increase in the number of polities competing for power and resources, as indicated by the increase in the number of named political entities in the epigraphic recorddthe so-called "emblem glyphs" (Marcus, 1976) . These internal processes would have created "momentum" in conflict.
The relatively strong performance of the null model, which includes no external variables, suggests that internal conflict dynamics, such as political ratcheting and elite proliferation, may indeed have been responsible for much of Classic Maya conflict ( Fig. 3 and SI Fig. 2) . However, the approximation still falls short of the observed conflict levels. According to our analysis ( Fig. 3 and SI  Fig. 2 ), including the summer Cariaco SST record produced a better approximation of past conflict levels than was possible using internal dynamics alone. Hence, the internal dynamics of Classic Maya conflict are insufficient to explain all of the temporal variation in conflictdit is necessary to look at external forces, too.
We envisage a situation in which early in the Classic period relationships among elites were often tense but only rarely reached the point at which conflict was deemed preferable to peace. As the population grew, and the number of competing elites increased, conflict became an increasingly common part of Classic Maya life for political reasons, as mentioned earlier. Critically, however, temperature also began to rise in the early Classic period and crop shortages became more common, leading to resource stress and more frequent crises of legitimacy. Because the strategies available for responding to the legitimacy crises became limited as crop failure became more commonde.g., the rulers did not have the maize required to hold large feasts or feed the corvee labour forces needed to build impressive monumentsdthe threshold to conflict was reduced. In other words, conflict became an increasingly important tool for regaining and maintaining legitimacy. Consequently, rulers decided more often to attack their neighbours, sometimes in order to acquire the resources necessary to feed their communities but more often to maintain or increase their political capital. Memories of past conflict fuelled this process by decreasing tolerance of words and actions of competitors. Thus, conflict levels increased in part because conflict begets conflict and in part because maize crop failures were occurring more frequently, creating crises of legitimacy for the elite. Eventually, the growth in conflict became explosive, rising from 0 to 3 per quarter century to 24 per quarter century.
Our findings have several implications. One concerns our understanding of the Classic Maya. Most of the literature about the impact of climate change on the Classic Maya has focused on drought caused by rainfall shortages. Droughts have been implicated in the demise of the Classic Maya civilization and argued to be a driver of cultural change (e.g., Kennett et al., 2012; Dunning et al., 2012; de Menocal, 2001; cf. O'Manksy, 2013) . Even though several rainfall proxies indicate that droughts occurred during the Classic period (e.g., Kennett et al., 2012) , our results indicate that drought might have had less of an impact on Classic Maya society than previously thought. While individual droughts may have contributed to specific conflicts, our results show that the trend in conflicts cannot be explained by rainfall shortages. Instead, the key environmental variable seems to have been temperature. The effects of temperature on conflict levels could have been further exacerbated by deforestation, soil depletion, and rainfall shortage in certain cases. But the overall long-term trend in conflict levels is still best explained by a combination of internal conflict dynamics and temperature. This may lead to new insights about the patterns that have been documented in the Classic Maya archaeological and epigraphic records.
Our results also have policy implications. Most obviously, our results indicate that it is necessary take into account the long-term, potentially nonlinear, effects of climate change on conflict. Over the short-term, the effects in some areas might appear benign, as with initially increasing maize yields. But, over longer time scales the effects could be dire, contributing to substantial increases in conflict and violence. Perhaps more perniciously, though, our results also imply that we need to consider the interaction between our current political ideology and the impact of climate change. In the Maya case, the increase in conflict levels might not have been an inevitable outcome of climate change had their political ideology been different. The symbolic connection between maize yields and power might have driven their leaders into conflict unnecessarily. So, perhaps we need to look more closely at the role political ideology may play in determining the long-term impact of climate change on our societies. If we ignore the long-term effects and the role of ideology in determining outcomes we could drastically underestimate the scale of the problems caused by climate change and miss opportunities to adapt by addressing problematic ideologies.
Our study has implications for the role of archaeological data in discussions about modern climate change too. Several scholars have argued that archaeology can contribute to the discussion about contemporary climate change and some policy organizations like the IPCC have recently begun including archaeological case studies in their reports. The idea here is that the archaeological record contains important examples of past societies affected by climate changes, which can serve as a basis for improving our predictions about future impacts and persuade people to take action. Our results reinforce this notion, but they also underscore archaeology's ability to shed light on another critical issuednamely the long-term effects of climate change. The impact of temperature on Classic Maya conflict appears to have been significant at the centennial scale, something we could only see with long-term records. So, in addition to being a source for case studies, archaeology is important because of the longterm, time-transgressive vantage point it affords us. In fact, since long-term effects can be quantitatively and qualitatively different than short term ones, the archaeological record is a crucial source of information about human responses to climate change. Needless to say, the same holds for the palaeontological record and current attempts to predict the impact of climate change on non-human animals.
With regard to future research, we think at least three avenues could be explored. One involves determining the extent to which the pattern we identified holds for the whole Maya region. As we explained in the Materials and Methods section, the conflict record pertains mostly to the Southern Maya Lowlands, with relatively few inscriptions from elsewhere. That said, some archaeological evidence in the form of defensive architecture points to an increase in conflict at the end of the Classic period in the northern Yucatan as well, suggesting that the trend might be the same (e.g., Dahlin, 2000; Webster, 1978) . So, future research should aim to determine whether the pattern we identified pertains to the whole Maya region by collecting more epigraphic data or perhaps using construction dates for defensive architecture as a proxy for increased militarism. Another avenue for future research involves our hypothesis about the causal pathway from temperature to conflict. While it seems plausible that increasing temperature could have caused maize yields to decline thereby precipitating greater levels of conflict, this hypothesis needs to be evaluated. One possible test would be to compare a proxy for maize yields, such as pollen frequencies in sediment cores, to palaeoclimate records using the PEWMA method. This test should be possible in the near future because high-resolution pollen records are being collected from the region by a team led by David Wahl of the University of California Berkeley (Pers. Comm. August 10, 2015). The third and final avenue for future research involves finding local high-resolution temperature records. While the temperature increase we identified appears to have been a regional phenomenon that probably affected all Classic Maya centres, local records might expose some important variability. A better understanding of that variability could improve the predictions of our model and reveal important variation in the climate-conflict relationship.
